During the decoding of a subset of mRNAs a proportion of ribosomes 8 productively shift to the -1 reading frame at a specific, slippage-prone site 1 . While the 9 great majority of occurrences of the "Programmed -1 Ribosomal Frameshifting" (-1 10 PRF) involve viruses 2 , other mobile elements or retroelements 1 , a dramatic instance of 11 utilized human cellular -1 frameshifting in a non-retroelement derived mRNA has been 12 reported. The mRNA for which -1 frameshifting was claimed due to a stimulatory 13 pseudoknot is that which encodes immune functioning C-C chemokine receptor 5 14 (CCR5), the HIV-1 co-receptor 3 . The publication ascribed the importance of the reporter 15 CCR5 mRNA frameshifting directing translating ribosomes to a premature termination 16 codon leading to mRNA destabilization via the nonsense-mediated decay pathway 17 (NMD), rather than creating a C-terminally unique peptide. The same lab estimates that 18 up to 10% of eukaryotic genes may be regulated by this frameshift-NMD mechanism 4 19 and point to the potential for novel therapeutic strategies aimed at treating disease by -1 20 PRF 5 .
Efficient -1 frameshifting requires a slippery site together with an appropriately 23 positioned stimulatory RNA structure. The reported CCR5 slip site (U_UUA_AAA where 24 underscores set of the reading frame) has previously been shown to facilitate high 25 levels of -1 frameshifting in vitro when positioned 5' of a known stimulatory pseudoknot 6 .
26
However, frameshifting efficiencies in vivo could be substantially different and further, at 27 least as of 2016, there were no known virus frameshift sites with the reported CCR5 28 shift site 1 .
30
We challenge the reported results by showing that frameshifting at the relevant 31 CCR5 sequence cassette does not occur above background levels and that the claimed 32 pertinent sequence is not as distinctively conserved as previously presented. Lastly, we 33 demonstrate that previously published retroelement derived human frameshift signals 34 do indeed harbor frameshift activity.
36
Using BLAST, we first identified orthologues of human CCR5 in the NCBI RefSeq 37 database. Sequences were aligned and, on examining the frameshift region, we 
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49
Dual-luciferase vectors in which the test cassette is sandwiched between and 50 fused to both Firefly and Renilla luciferase encoding sequences, have been widely used 51 for assaying translational recoding events ( Figure 3A) . The frameshifting efficiency is 52 calculated by dividing Firefly luciferase activity by Renilla luciferase activity. This ratio is 53 then normalized to an in-frame control vector in which Renilla and Firefly luciferases are 54 both situated in the zero-frame to account for differences in activity between the two 55 enzymes (a ratio of a ratio) ( Figure 3B ).
57
In nearly all cases the fused test encoded polypeptide has only a small or no 58 effect on the upstream encoded luciferase activity. However, in one case luciferase 59 activity was anomalously low (unpublished) and we developed a variant vector system 60 (pSGDluc 7 ) containing a StopGo sequence directly 3' of the first and immediately 5' of 61 the second luciferase encoding sequence. Subsequently we made another variant by 62 removing a potential splice site, pSGDlucV3.0 (deposited with Addgene). Thus in earlier 63 constructs, where the insert-encoded peptides were appended to the C-terminus of
64
Renilla luciferase, the Renilla luciferase activity could drop -particularly for the short This problem has been overcome by inserting flanking StopGo sequences that result in 67 co-translational excision of the insert-encoded peptides, thus releasing independent
68
Renilla and Firefly proteins that are identical in sequence for both the test and in-frame 69 control constructs. The publication on CCR5 frameshifting utilized the very first iteration 70 of a dual luciferase vector that we developed in 1998 8 .
72
We recloned the same CCR5 frameshift sequence tested in the original article 73 into pSGDlucV3.0. For CCR5 we used negative controls comparable to those in the 74 original article, which include a slip site mutant (UUUAAAA  GCGCGCG for Y.A.K.,
75
UUUAAAA  AUUCAAA for G.L.), a 5`-termination control (also known as a premature 76 termination codon control or PTC control) and a 3`-termination control (also known as 77 an out-of-frame stop codon control or OOF control). Lastly, we included measurements 78 from the empty vector alone ( Figure 3C ). All four of these controls are meant to The dual luciferase assays were carried out in the same cell line used in the 82 original article, HeLa. Renilla luciferase, the reference luciferase, is stable for all the 83 constructs ( Figure 4A) Figure 4C) . These experiments were repeated in HEK293T 98 cells to control for cell-line specific results and we found that the results followed 99 identical trends to those obtained in HeLa cells (Figure 4D-F) .
101
To ensure that these results were repeatable, the cloning and assaying of CCR5 HeLa and HEK293T cells, we found that CCR5 frameshifted at an insignificant rate as 105 well (Figure 5A-F In conclusion, using an improved reporter assay system, we find no evidence of - 
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Alignment of CCR5 slippery sites

134
The NCBI mRNA and RefSeq BLAST databases were searched with blastn using the 135 human CCR5 mRNA (accession NM_000579.3) as query on December 4th, 2018 using 136 default parameters, with the number of hits expanded from 100 to 500. The best 137 sequence per organism, as determined by 'Max Score', was taken up until 70% query 138 cover. These sequences were aligned with MUSCLE. This alignment was trimmed to 139 only include the putative frameshift region of CCR5 that was generated by code written 140 in Python 3. The alignment image was generated using the box-shade server
141
(https://embnet.vital-it.ch/software/BOX_form.html). 
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